Acquired superficial fungal infections are among the most common infections. It is necessary to create new effective and non-toxic disinfectants. AKWATON is a new disinfectant of the polymeric guanidine family. Its fungicidal activity against Trichophyton mentagrophytes and its in vitro toxicity assessment were determined in this study. The MIC, minimum fungicidal concentration (MFC) and time required for its fungicidal activity at the MFC were evaluated using the official methods of analysis of the Association of Official Analytical Chemists, with modifications as recommended by the Canadian General Standards Board. The toxic effects of AKWATON and of four commercial disinfectants were evaluated on rat pancreatic (C2C12) and muscle (RnM5F) cells, using the trypan blue and MTT [3-(4,5-dimethylthiazol-2-yl)-2,5diphenyltetrazolium bromide] methods. The MIC, MFC and time required for the fungicidal activity of AKWATON at the MFC were 0.025 % (w/v), 0.045 % (w/v) and 2.5 min, respectively. Cell cultures and the different tests carried out showed that the AKWATON-based disinfectant killed fewer cells than the commercial disinfectants, sparing 80 % of C2C12 cells and 65 % of RnM5F cells, whilst some of the well-known disinfectants currently on the market killed 85-100 % of cells. This study demonstrates that AKWATON has great potential as an odourless, colourless, non-corrosive and safe disinfectant for use in hospitals, the agriculture industry, farming and household facilities.
INTRODUCTION
Dermatophytosis ranks among the most common and widespread infectious diseases worldwide, and Trichophyton rubrum and Trichophyton mentagrophytes, which cause infections of skin and nails, are two of the most frequently isolated dermatophytes (El Fari et al., 1999) . T. mentagrophytes is an important pathogenic fungus with a wide range of hosts, including humans and animals (Sun et al., 2010) . It is transmissible among humans as well as between humans and other animals by direct and indirect contact (Sun et al., 2010) . The ease of transmission as well as the increasing number of invasive and superficial fungal infections when compared with previous decades (Gupta & Tomas, 2003) make T. mentagrophytes important to public health issues (Sun et al., 2010) . It has the capacity to invade keratinized tissues (skin, hair and nails), producing dermatophytosis (Makimura et al., 1998) . T. mentagrophytes spores are able to survive under desiccated conditions for some time, which contributes to its associated epidemiological problems (Hashimoto & Blumenthal, 1978) . Trichophyton spp. belong to a group of closely related fungi known as dermatophytes, which are capable of invading skin, hair and nails causing dermatophytosis, commonly known as ringworm (Weitzman & Summerbell, 1995) . Ringworm infections are called tinea and are appended with the Latin term for the infected location (Weitzman & Summerbell, 1995) . For example, T. mentagrophytes can be the causal agent for tinea pedis, commonly known as athlete's foot (Greenberg, 1998) , or tinea barbae, ringworm of the beard and moustache (Weitzman & Summerbell, 1995) . T. mentagrophytes has been collected from the wooden flooring of a shower stall as well as from sand from the beach (Greenberg, 1998) . In order to minimize infections, proper disinfection is required. The common recommendation for disinfection is using a dilution of sodium hypochlorite (household bleach) diluted between 1 : 10 and 1 : 100 (Moriello et al., 2013) . However, there are many difficulties associated with the use of bleach, as it can degrade if not used by the expiry date and therefore must be freshly prepared (Moriello et al., 2013) . Preparing a proper dilution can also be problematic, as the concentration of commercial products may vary between 3 and 8 % (Moriello et al., 2013) . Gupta et al. (2001) reported that the spores of T. mentagrophytes showed resistance against quaternary ammonium compounds. The commercial spray formulations with concentrations ranging from 0.1 to 0.3 % were fungistatic. Quaternary ammonium compounds are fungicidal only when their concentration reaches 0.5 % or more.
Antimicrobial biocides have long been in use in domestic and clinical environments. For over half a century, cationic biocides have been prominent among other agents used to combat cross-infections and have contributed to the overall reduction in nosocomial infections (Gilbert & Moore, 2005) . Correct application of these biocides plays a very effective role in the elimination of infection in veterinary, dental, domestic and hospital settings (McDonnell & Russell, 1999) . Polyhexamethylene biguanide, a member of the polymeric guanidine family, has broad-spectrum activity against Gram-positive and Gram-negative bacteria, fungi, yeasts (Müller & Kramer, 2005) and viruses, including human immunodeficiency virus (Krebs et al., 2005) . It has been widely used for many years as an antiseptic in medicine and in the food industry, as a mouthwash (Rosin et al., 2001) , as a disinfectant for a variety of solid surfaces (Hiti et al., 2002) and also in water treatment (Kusnetsov et al., 1997) . AKWATON is a polyhexamethylene guanidine hydrochloride (PHMGH)-based formulation of disinfectant. PHMGH is a polymer with bactericidal and sporicidal properties that has been demonstrated to work at low concentrations with short contact times (Oulé et al., 2008 (Oulé et al., , 2012 . The bactericidal activity against Escherichia coli and meticillin-resistant Staphylococcus aureus (MRSA) and the mode of action of PHMGH were clearly demonstrated by Oulé et al. (2008) . Their results showed that, no matter what type of water (distilled, tap and hard water) was used to make dilutions, AKWATON killed MRSA and E. coli, respectively, at a low concentration of 0.04 and 0.005 % within 1.5 min. PHMGH is a polymer with high solubility in water. It is odourless, colourless and non-corrosive (Kuznetsov, 2004) , and is significantly less toxic and harmless to humans and animals at a concentration of ¡1 % than the currently used disinfectants (Müller & Kramer, 2005; Buxbaum et al., 2006) .
To demonstrate the potential use of PHMGH as an effective fungicidal disinfectant that is less hazardous than the currently used disinfectants, its activity was tested against T. mentagrophytes as recommended by the Canadian General Standards Board.
METHODS
Test organisms. The test fungus used in this study was T. mentagrophyes 640 ATCC 9533 obtained from Cedarlane. Stock cultures were maintained on Sabouraud dextrose agar slants at 4 uC. Stock cultures were stored on glucose agar slants at 3 uC for transfer in ¡3 months.
The animal cells used in this study were murine myoblasts (C2C12; ATCC CRL1772) and rat pancreatic cells (RINm5F; ATCC CRL11605), purchased from the American Type Culture Collection (ATCC). All reagents were purchased from Sigma. Cells were maintained at 37 uC under a continuous 5 % CO 2 atmosphere.
Preparation of conidial suspensions. Suspensions were prepared following method 955.17 D of the Association of Official Analytical Chemists (AOAC) (Beloian, 2005) . Sabouraud dextrose agar Petri dishes were inoculated with T. mentagrophytes and grown for 12 days. Using a sterile spatula, the mycelial mats were scraped from the surface of five to six Petri dishes, transferred to a heat-sterilized Erlenmeyer containing 25 ml sterile physiological NaCl solution (0.85 %) with glass beads and mixed thoroughly. The suspension was filtered through sterile absorbent cotton in a sterile funnel. The density of the conidial suspension was estimated by counting using a haemocytometer and the suspension was stored for ¡4 weeks as a stock suspension.
Fungicidal activity. The phenol coefficient (PC) and used-dilution (UD) methods were used to perform the fungicidal activity assessment. In the PC method, a 5 % (w/v) phenol (Boreal Science) solution was standardized with 0.1 M KBr/KBrO 3 solution, 38 % HCl and 20 % KI solution. Titration was carried out with 0.l M Na 2 S 2 O 3 using a starch indicator. Dilutions in sterile hard water were made from 5 % (w/v) phenol and 1 % (w/v) PHMGH stock solutions. The test was performed following AOAC protocol 955.17 (Beloian, 2005) . Dilutions of the fungicide were prepared and 5 ml each dilution was placed in a 25 ml sterile centrifuge tube; phenol was used as a control. Tubes were brought up to temperature in a 20 uC water bath. At 30 s intervals, 0.5 ml conidial suspension was added to each dilution, which was shaken before being replaced in the water bath. After 5, 10 and 15 min exposure to the fungicide, a sample was removed from each solution with a sterile loop and placed in 10 ml neutralizer (Sabouraud dextrose broth with 0.5 % Tween 80 and 0.07 % lecithin). The tubes were incubated at room temperature and the final results were read after 10 days. To confirm the results from the PC method and to determine the maximal dilutions effective for practical disinfection, the UD method was used. Sterile ring carriers were placed in multiples of 20 in a sterile 256150 mm Pyrex test tube containing 20 ml conidia suspension. After a 15 min contact period, the carriers were removed and placed vertically in sterile Petri dishes matted with two layers of filter paper, covered and incubated at room temperature. Dilutions were made from the 5 % (w/v) phenol and 1 % (w/v) PHMGH stock solutions, and one contaminated dried carrier was placed in each of the tubes of the dilution used. Immediately after placing the carrier in the tubes, the tubes were swirled three times before placing them back in the 20 uC water bath. After 5, 10 and 15 min intervals, each carrier was transferred to the subculture medium. The subculture tubes were shaken thoroughly before incubating at room temperature. Each test was performed in duplicate and repeated three times.
Determination of MIC and minimum fungicidal concentration (MFC) of AKWATON against T. mentagrophytes. T. mentagrophytes is an important pathogenic fungus with a wide range of hosts, including humans and animals (Sun et al., 2010) . The test was a modified version of a broth dilution assay (Soberó n et al., 2007) as described by Oulé et al. (2008) . Serial twofold dilutions of AKWATON with a final volume of 5 ml were prepared using the growth medium (Sabouraud dextrose broth). The conidial suspension of T. mentagrophytes was added to each test tube to achieve a final inoculum of 10 6 c.f.u. ml 21 . The tubes were agitated and incubated at room temperature for 10 days. Positive and negative controls were growth medium with and without conidial suspension, respectively. Growth was indicated by the appearance of mycelium, and the absence of growth was interpreted as inhibitory activity. The MIC was the lowest concentration of AKWATON at which the growth of the test organism was inhibited. The MFC was determined by inoculating Sabouraud dextrose agar Petri dishes or the neutralizer (Sabouraud IP: 54.70.40.11
On: Thu, 14 Mar 2019 04:18:28 dextrose broth with 0.5 % Tween 80 and 0.07 % lecithin) with samples taken from each test tube that was negative for growth in the MIC assay. The Petri dishes were incubated at room temperature for 10 days. Tubes that were positive for growth were plated as positive controls. The MFC was the lowest concentration of AKWATON that killed the test organism. Each test was performed in duplicate and repeated three times.
Assessment of the effect of disinfectants on animal cells.
AKWATON and four well-known and currently marketed disinfectants, JAVEX, CYL, LYS and MCL, purchased from Canadian Real Super Store were used to treat cells. C2C12 cells were plated and cultured in Dulbecco's modified Eagle's medium and RINm5F cells in RPMI 1640 medium. Both media were supplemented with 1 % penicillin, 1 % streptomycin, 2 mM glutamine and 10 % FBS. Cells were incubated at 37 uC under a continuous 5 % CO 2 atmosphere for 24 h to 65-75 % confluency. Cells were exposed to AKWATON-based disinfectant and to the four commercial disinfectants for 10 min. Cultures with ¢95 % viable cells were used for experiments. After each test, cells were detached using 0.05 % trypsin. The viability of cells before and after treatment was tested by trypan blue exclusion and MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] tests. Cells were observed under a microscope and counted using a haemocytometer.
Statistical analysis. Results were analysed using one-way analysis of variance and Student's t-test. The values reported represent the mean of three tests performed in duplicate. Differences with a value of P,0.05 were considered statistically significant.
RESULTS AND DISCUSSION
AKWATON is a very effective disinfectant against bacteria and bacterial spores. Its bactericidal and sporicidal activities were evaluated by Oulé et al. (2008 Oulé et al. ( , 2012 . Our work clearly established that the MIC and minimum bactericidal concentration for an AKWATON-based disinfectant solution were the same. This concentration corresponded to 0.04 % (w/v) for MRSA and 0.005 % for E. coli. The AKWATON solution at the minimum bactericidal concentration (0.04 % for MRSA and 0.005 % for E. coli) killed all the cells in only 90 s. The minimum sporostatic concentration, minimum sporicidal concentration and time required for sporicidal activity corresponded to 0.06 % (w/v), 0.08 % (w/v) and 8.5 min, respectively.
In this study, the antifungal properties of AKWATON against T. mentagrophytes and its in vitro toxicity on animal cells were assessed. The antifungal activity of AKWATON was performed by determination of its PC, MIC and MFC. The UD method is applicable for testing disinfectants miscible with water to confirm results from the PC method and to determine maximal dilutions effective for practical disinfection (Beloian, 2005) . AKWATON showed a significant antifungal effect on T. mentagrophytes. The PC value determined was 6.67 (Table 1 ). The concentration of the disinfectant required is generally higher if micro-organisms are present on hard dry surfaces (Springthorpe, 2000) . The tested disinfectant is therefore more effective if the PC value is the same using the PC and UD methods or if it is higher when determined with the UD method (Beloian, 2005) . The PC value determined was the same for both the PC and UD methods, demonstrating that AKWATON possesses good disinfecting properties. Oulé et al. (2008) demonstrated the effectiveness of AKWATON by determining its PC value using the quality-control strains Staphylococcus aureus ATCC 6538, Salmonella choleraesuis ATCC 10708 and Pseudomonas aeruginosa ATCC 15442 and found that this value corresponded to 7.5, 6.1 and 5, respectively. The main active ingredient in the AKWATON-based disinfectant tested is PHMGH. Zhang et al. (1999) reported that PHMGH is effective in controlling bacteria and fungi. The bactericidal mechanism of PHMGH has been extensively documented. Several studies have shown that the target of PHMGH on bacterial cells is the cell envelope (Oulé et al., 2008; Zhou et al., 2010) . PHMGH appears to penetrate the cell envelope, attacking the cell wall and the membrane at the same time, resulting in the cell envelope tearing and the cytoplasmic contents leaking out (Oulé et al., 2008) . Some studies have shown a fungicidal activity of PHMGH, but so far the mechanism has not been clearly understood. Guan et al. (2008) stated that chemical products such as PHMGH act by destroying the plasma membrane of micro-organisms. Koffi-Nevry et al. (2011) assessed the antifungal activities of a PHMGH-based disinfectant against 30 strains of fungi isolated from papaya. The antifungal activity of AKWATON is probably due to a mechanical disruption of the membrane as demonstrated by Oulé et al. (2008) using E. coli cells. The disorder caused in the fungal membrane then leads to hyphal collapse and to the inhibition of germination and outgrowth of fungal spores. All these events would lead to the inhibition of growth and/or death of the fungus. Feng et al. (2011) also reported that PHMGH causes ultrastructural alterations including distortion, deformation and concave collapse in hyphae, plasma membrane disruption in both hyphae and arthroconidia, and cell wall damage in arthroconidia. Arthroconidia, a type of fungal spore typically produced by segmentation of pre-existing fungal hyphae, are metabolically active cells enriched with lipid-containing vacuoles and intracellular organelles. They are known to be more resistant to some antifungal agents and adverse environmental conditions (Yazdanparast & Barton, 2006) . Table 2 shows the determination of AKWATON-disinfectant MIC values. Concentrations lower than 0.025 % (w/v) did not have any effect on T. mentagrophytes growth. However, concentrations above 0.025 % (w/v) inhibited growth. As the lowest concentration that inhibited growth was 0.025 %, this concentration can therefore be defined as the MIC. When aliquots from the tubes containing conidia and AKWATON concentrations higher than the MIC (¢0.025 %) were inoculated on Sabouraud-glucose agar Petri dishes without AKWATON, growth was observed for concentrations lower than 0.045 %. It seems evident that AKWATON at concentrations between 0.025 and 0.045 % generates a fungistatic activity. The fungistatic effect of AKWATON could occur with the inhibition of germination and the outgrowth of fungal spores. For concentrations ¢0.045 %, there was no growth, indicating death of the fungus. The effect of AKWATON at concentrations ¢0.045 % was fungicidal ( Table 3) . Death of the fungus could be caused by irreversible damage to the fungal spores. In addition to causing perforation of the cell wall of hyphae and fungal spores, AKWATON could also penetrate fungal spores to cause other kinds of damage such as inhibition of enzymes essential for germination and outgrowth, alteration of certain internal compounds or disruption of some internal organelle membranes. Zhou et al. (2010) also reported that it is possible that PHMGH could have an effect on the DNA and cellular proteins besides the membrane. Death of the fungus occurred when the concentration of AKWATON reached 0.045 %. The MFC of AKWATON was therefore 0.045 %. As shown in Table 4 , the fungicidal effect of AKWATON at the MFC was achieved within 2.5 min. This demonstrates the rapid action of AKWATON on T. mentagrophytes, even when applied at low concentrations.
This study demonstrated that AKWATON has a fungicidal effect at a concentration of 0.045 %. Oulé et al. (2008) also found that PHMGH, the active ingredient in an AKWATON-based disinfectant, produced a bactericidal effect against MRSA at 0.04 %. Thus, we believe that an ideal disinfectant to control pathogens is an AKWATON-based " " 0.030 " " 0.035 " " 0.040 " " 0.045 " " 0.050 " " 0.055 " " 0.060 " " 0.065 " " 0.070 " " 0.075 " " The fungicidal effect of AKWATON at the MFC was achieved within 2.5 min (bold). +, Fungal growth in broth after exposure to AKWATON; 2, no growth. disinfectant at a concentration of 0.05 %. This is why, in the second part of this study, 0.05 % AKWATON was compared with four other well-known disinfectants regarding their effects on rat muscle and pancreatic cells. Using cell lines is an alternative to the use of laboratory animals in toxicological studies of chemicals. Fig. 1 shows the effects of AKWATON on the survival of C2C12 cells compared with those of four other commercial disinfectants, JAVEX, LYS, CYL and MCL. There was no significant difference between AKWATON and JAVEX (P.0.05), both sparing about 80 % of cells. PHMGH (the active ingredient in AKWATON) has received increasing attention in public health as an important component of Akacid plus, which was reported as having significantly less toxicity compared to chlorhexidine digluconate and mupirocin. According to Buxbaum et al. (2006) , PHMGH in Akacid plus showed a low acute oral and dermal toxicity with an LD 50 of .2000 mg (kg body weight) 21 and was not irritating to the skin. PHMGH is odourless, colourless and non-corrosive (Kuznetsov, 2004) and is significantly less toxic than currently used disinfectants (Müller & Kramer, 2005) , and harmless to humans and animals at a concentration of ¡1 %. The other commercial disinfectants spared only 0-30 % of cells, thus killing 70-100 % of cells (Fig. 1) . The difference between the other commercial disinfectants and AKWATON and JAVEX was significant ( Fig. 1, P,0.05 ). Fig. 2 shows the appearance and the number of C2C12 cells after treatment with the different types of disinfectant. the difference in their chemical compositions. AKWATON at 0.05 % appeared not to affect the appearance and morphology of the animal cells. Cells treated with AKWATON remained healthy, and when they were recultured, their growth was normal, as shown in Fig. 5 . Many studies have shown that the microbial membrane is the target of PHMGH, the active ingredient in AKWATONbased disinfectant (Oulé et al., 2008; Zhou et al., 2009 ). This result showed that AKWATON does not interfere with membrane metabolism and appears to have a very low toxicity towards animal cells at a concentration of 0.05 %. The fact that AKWATON had less effect on animal cells compared with its effect on micro-organisms is probably due to the difference between their membranes. For example, the membranes of animal cells have a high content of cholesterol, which maintains membrane fluidity.
CONCLUSION
Dermatophytosis is ranked among the most widespread diseases around the world and T. mentagrophytes is an important pathogenic fungus with a wide range of hosts, including human and animals. An AKWATON-based disinfectant proved very effective against T. mentagrophytes by producing a fungicidal effect at a concentration as low as 0.045 % and after only 2.5 min of contact. PHMGH, the main active ingredient of AKWATON, is an innovative biocide of the polymeric guanidine group of disinfectants, with high solubility in water. It is odourless, colourless and noncorrosive and is significantly less toxic than currently used disinfectants to humans and animals at a concentration of ¡1 %. Whilst some well-known disinfectants currently on the market killed 80-100 % of animal cells after 10 min of contact, AKWATON spared at least 80 % of animal cells. This study demonstrated that AKWATON is less toxic to animal cells that some disinfectants currently on the market and is fast acting against fungi at low concentrations. All of these properties make AKWATON an ideal disinfectant for hospitals and household facilities. 
